Abstract -Series of amorphous silicon carbon nitride (a-SiCN) films are synthesized using RF-PECVD technique on glass and silicon substrates from precursor gas of silane, methane and nitrogen. In this work, the change in nitrogen flow rate from 0 sccm to 50 sccm is a mean used to vary the elemental composition and bonding properties which lead to change in optical properties. The films thickness varies between 327 nm to 944 nm. The changes for the stated properties are discussed against the change in the stated nitrogen flow rate. The optical properties are investigated by means of UV-VIS spectroscopy in the wavelength range of 190 nm to 2500 nm. The transmittance of the films at ultraviolet wavelength is found to increases with increase in nitrogen flow rate. The index of refraction, n obtained for SiCN films from transmittance and reflectance measurements is lower compared to SiC films. The films optical band gap increases from 1.74 eV to 2.08 eV before it decreases to 1.89 eV as nitrogen flow rate increases from 0 to 50 sccm. The optical dispersion parameters were determined according to Wemple and Didomenico method.
INTRODUCTION
Ternary system of SiCN are suggested to have excellent combination properties of binary systems of super hard SiC and Si 3 N 4 [1] . SiC is a wide gap (2.0 eV to 3.2 eV) semiconductor which is widely used for coating, abrasion and window layer [2, 3, 4] . SiN is a material of wider band gap (near 5 eV) are extensively used for a wide variety of microelectronic and optoelectronic application such as passivation layers for device packaging and gate dielectric of thin film transistors [5, 6] . Since SiC films has lower energy band gap compared to SiN films, addition of nitrogen to the former for the formation of a-SiCN compound film with anticipated larger energy band gap. Tuneable energy band gap between 2 to 5 eV are thus possible for the SiCN, marking its importance in wide field of electronics application. The significance of SiCN also lies on its optical properties for material qualities such as high transmittance and low refractive index needed in the coating purposes. In this work, we deposit a-Si-C-N films by a well-known plasma-enhanced chemical vapour deposition (PECVD) technique using methane as carbon precursors, silane as silicon precursor and nitrogen gas as nitrogen source. The influence of varying nitrogen gas flow rate on the optical properties of the deposited films are studied using UV-VIS spectroscopy. Optical band gap and refractive index are two main optical parameters of the interest. Other important parameter investigated also include extinction coefficient. References show that the technique using PECVD using single-source precursors (against conventional separated sources) such as hexamethyldisilazane (HDML) or tetrametethyldisilazane (TMDSN) also has future prospect for preparing the a-SiCN films. One of the advantage of employing those techniques is, it offers simpler procedures and controls. The choice for such compounds effectively has put the usage of silane and methane as a source of Si and C aside. Preference is also given on the films preparation by others on the choice of using NH 3 (ammonia) over nitrogen gas as a source for N in the film deposition as the former is easier to dissociate. So, the main motivation of this work lies in the studies of properties of the a-SiCN films prepared by employing the PECVD technique using separated gas sources namely methane, silane and nitrogen for film forming element C, Si and N respectively. In randomly picked research literatures used for references in this work, statistic shown from over six or more methods available only 20 % method of preparation of films using RF-PECVD, 15 % used nitrogen gas over ammonia for N source and 70% using methane over ethane gas for C source.
EXPERIMENT DETAILS
The a-SiCN were deposited on glass and silicon substrates by RF-PECVD technique using a home-made stainless deposition chamber. A schematic diagram of the deposition chamber is shown in Figure 1 . Precursor gasses used were silane (SiH 4 ), methane (CH 4 ) and nitrogen (N 2 ). The nitrogen flow rate was varied from 0 sccm to 50 sccm while the silane and methane flow rate were kept constant at 1 sccm and 20 sccm respectively. The sccm is Standard Cubic Centimeters per Minute, a flow measurement term indicating cm³/min at a standard temperature and pressure. This unit is used to calculate the amount or volume of gas that passes through a given point in a unit time. Other deposition conditions were: substrate temperature was 300 K, total gas pressure was 0.80 mbar, radio frequency (RF) power was 80 W, distance between RF electrodes was 8 cm and deposition time was between 1 to 3 hours. The transmittance and reflectance measurement of the film samples deposited on glass were made using Jasco V570 UV-Vis-NiR spectrometer in the range of 190 nm to 2500 nm. The films thickness was measured using a surface profilometer. The infrared (IR) absorption spectra of the films deposited on Si substrates are recorded on Perkin Elmer (IR) spectrometer in the range 400 cm -1 to 3000 cm -1 . 
Method of Calculation
The absorption coefficient, α of the films is determined from transmittance (T) and reflectance (R), calculated using approximation relationship between the two quantities given by [7] 040024-2
where d is the film thickness. To determine the optical band gap, Е opt of a-SiCN the Tauc's equation, valid for amorphous semiconductors was used. To determine the optical band gap, Eg of a-SiCN films, the Tauc's equation [8] , valid for amorphous semiconductor was used, given as:-
where А is a constant depending on the effective mass of the charge carriers in the semiconducting material, E is incident photon energy and α is an absorption coefficient. The interception of the linear part (αE) 1/2 versus E plot to the energy axis enables the optical band gap of the semiconductor to be determined [9] .
In the absorption region which is in the range of 500 nm -1 and below where the interference envelope (due to high absorption) is not observed, the calculation of the refractive indices is from the experimental values of reflection, R using a rather straight forward substitution into the equation (3) where , the extinction coefficient. In the range 850-2500 nm the refractive index, n was determined by a technique proposed by Swanepoel [9] , an improvement of the method proposed by Manifacier et al. [10] . The interference fringes formed by the internal reflection within the films in non-absorbing (transparent spectral) region, is used to calculate the refraction indices. In this region where the absorption coefficient becomes very small (α ≈ 0) the refractive indices, n were calculated using the envelope curve for T max ( and T min ( of the transmission spectra. Following this method, as the first step the maximum T max and the minimum T min envelope curves were roughly sketched. At least three points each at the peaks and valleys of the transmission spectrum are chosen for values of Tmax and Tmin. The third to four order of Polynomial regression in Origin (software) is used to performs fit using the values of the Tmax and Tmin taken from the transmittance spectra for each a-SiCN thin films. The expression for the refractive index is given by (4) where and n s is the refractive index of the substrate which is typically 1.52 for totally transparent glass substrate used in this study. The refractive index for a small range of wavelength which is not covered by the both methods was extrapolated by means of the another curve fitting using a Cauchy equation. It is sufficient to use a two-term form of the equation [11] (5)
The analysis on the dispersion of refractive indices n can be described by a single effective oscillatory of the Wemple-Didomenico model translated by the relation [12] ( 6) where hv is the photon energy. E o is the oscillator energy, is an 'average' energy gap and can be related to the optical band gap, E g in a close approximation by E o ≈ 2E g [13] . E d is the dispersion energy which is a measure of the strength (oscillator strength) of inter-band optical transitions. It is also known as Sellmeier's energy gap which is the average energy gap of the film corresponds to transitions below the optical gap, E g ; which is the smallest energy gap between the valence and conduction bands.
RESULTS AND DISCUSSION
Figure 2(a) shows the transmission spectrum of films with increasing nitrogen flow rate for the deposited films. Generally in the infrared region the films are transparent with transmission above 90% but it drastically drops near the UV indicating strong optical absorption in the region. Strong absorption of photons by films associated with electronic excitation across or within the film band gap. This occurs between the photon wavelength 300-500 nm which represents the range of the films band edges. The shift of transmission spectrum towards the UV was observed as nitrogen flow rate increases. The shift in light transmission is important indicator as it represents the change in film absorption of light irradiating the films. The observed blue shift of spectrum indicates that the absorption edge of the films shifts toward the higher energy side. Figure 2(b) shows an optical reflection spectrum of a-SiCN thin films as function of nitrogen flow rate. The figure depicts almost for all films, at about the same range (i.e. 300 nm-500 nm) of wavelengths the reflectance decreases significantly with increasing wavelength. However above the 500 nm the reflected signal increases with increasing wavelength. The decrease of the reflectance is reasoned to be due to high photon absorption in this wavelength range at the onset of electronic excitation across the band gap. Transmittance and reflectance spectrum show presence of interference fringes at their transparent region indicating the films surface is reflecting without much diffraction and absorption, manifestation of surface quality and existence of some degree of homogeneity of the deposited films.
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Optical reflection spectra of a-SiCN thin films as function of nitrogen flow rate. Figure 3 depicts the Tauc's plot used to determine the optical band gap of the films deposited with nitrogen flow rate from 0 sccm to 50 sccm. The plots show the shift to higher values in the x-axis intercept which means an increase of optical band gap as the nitrogen flow rate increase. Figure 6 shows the optical band gap of the a-SiCN films on the glass with different nitrogen flow rate. It could be seen that the optical band gap of the films increases with an increase in nitrogen flow rate. It shows that the optical band gap of the a-SiCN film initially increases from 1.74 eV to 2.08 eV as nitrogen flow rate increase. However the value of E g reaches its maximum at nitrogen flow rate of 20 sccm before it gradually decreases as nitrogen flow rate increases further. The optical band gap determines the threshold for absorption of photons in semiconductor. This means the incorporation of nitrogen has modified the absorption edge by lowering the threshold of wavelength required for the electronic excitation for films with nitrogen flow rate 10 sccm to 20 sccm. The increasing trend of the band gap with increasing nitrogen incorporation of SiCN films were also observed by K.B Sundaram et al. [14] using sputtering deposition method. Similar agreement of results obtained by Chen et aI. [15] , using microwave plasma-enhanced chemical vapour deposition and F. Neri et al. [16] on SiCN films produced by reactive pulsed laser ablation. The widening of the optical band gap as a function of nitrogen incorporation can be explained by the preferential bonding of nitrogen to silicon and it is suggested that the decrease on the optical band gap after the nitrogen flow rate 20 sccm is due to the switch of the phase of films on which the details is beyond the area of the discussion. The variation of measured optical constants in the investigated wavelength range shows that active interactions take places between photons and electrons. The changes of n and k values for examples with the wavelength of the incident light beam are due to these interactions. Figure 4 displays the dependence of refractive index of the a-SiCN thin films deposited on the glass with different nitrogen flow rate. In general, the refractive index of each film has a tendency to increase towards lower wavelength which is consistent with the normal dispersion behaviour of matter. At higher wavelength (in the infrared) the refractive index tends to take constant or static values (between 1.55 -1.70), indicating the films become non -dispersive at this region. From the figure, it is evident that the refractive index of SiC film decreases when nitrogen is introduced into the film. High refractive index is related to the films of high absorption. This is to illustrate the refractive index of a layer of a thin film is strongly depends on the chemical composition of the deposited material. A decrease in refractive index means the incorporation of nitrogen causes less absorption by the films, which means the films have better transparency to the incidence light especially in the region of absorption edges. This is in agreement with the transmittance spectrum which shows a blue shift of the absorption edge upon nitrogen incorporation. However, there is weak trend of the variation of refractive index observed as more nitrogen is introduced during the deposition of present films. D.S Kim et al. [17] , F. Neri [18] show the refractive index of the a-SiCN films reduces with the increasing NH 3 flow rate for which in their cases is the source for nitrogen. Figure 4 also shows that the region of strong dispersion with steep slopes of the refractive index curves corresponding to a region of strong absorption region in a transmittance spectrum. Fig. 5 shows the variation of the extinction coefficient, k with wavelength for the films as various nitrogen flow rates. The extinction constant, k peaks at wavelength in UV region (about 300 nm) at the onset of the maximum absorption by the films corresponding to strong electronic transition between valence and conduction band. It decreases with increasing wavelength and become too small at the visible and negligible at the infrared range which makes films transparent in their appearance. Also it can be seen that films with nitrogen incorporation absorbs less compared to its counterpart (film without nitrogen incorporation) particularly in the UV range. The spectral of k provides clearer evidence of the influence of nitrogen flow rate on the optical dispersion of the a-SiCN films compared to the spectrum of the refractive index, discussed earlier. Films showing characteristic of low absorption and highly transparent support the potential application as coating in optical devices. It was observed that the optical parameters of the deposited films presented in this work; transmittance, refractive index and the extinction coefficient spectrum are shown to be well correlated to each other. Some of the important optical parameters for the deposited films and their variation with nitrogen flow rate are shown in the Table 1 . sccm to 50 sccm. The E o /E g for a-SiCN determined in the study is found to be in the range of 1.39 to 2.75 fairly in agreement to the expected value which is around 2. The E d and E o are observed to decrease and reach minimum at nitrogen flow rate of 20 sccm before both parameters increase to about a maximum at nitrogen flow rate of 30 sccm. This suggests a transformation of phase of bonding and structural disorder has taken place in the films. The transformation could be related to the observed changes of trend on the films optical band gap. 
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CONCLUSION
Increasing of nitrogen flow rate in the deposition of amorphous-SiCN causes an increase in light transmission and shift of the film band edge to higher energy. The shift is attributed to the incorporation of nitrogen into the film which has modified the absorption edge by lowering the threshold of wavelength required for the electronic excitation. The effect is the film becoming less absorbing thus reducing the extinction coefficient, k and also refractive index, n. The shift also is in line with an increase in the measured optical band gap for films with nitrogen flow rate 10 sccm to 20 sccm. A decrease in optical band gap after reaching a maximum value is believed to resulting from a switch of film phase and order of the bonding networks. The Wimple-Didomenico parameters show the films have normal behavior of dispersion and in-coherent with the variation in the measured optical band gap as the nitrogen rate flow increase.
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